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EXECUTIVE SUMMARY
Illinois River Water Quality
Automatic Sampler Installation
The objectives of this study are two fold. The fIrst being to determine the pollution load in the Illinois
River's main channel at the Arkansa$/Oklahoma state line. The second is to determine whether Lake
Frances is contributing to the nutrient loads in the river.
Sampling stations were located upstream and downstream from Lake Frances which happens to be
on either side of the Arkansas/Oklahoma state line. The upstream station was located where Arkansas
Highway 59 crosses the Illinois River, and the downstream station was located where U.S. Highway 59
crosses the Illinois River in Oklahoma. The Oklahoma station is frequently referred to as the Watts station
because it is located near the town of Watts, Oklahoma.
A USGS flow gauging statiC!ln was located at each sampling station. The USGS perfornled flow
monitoring at both stations. Automated samplers were used for sample collection. Once a week, the
sampler was triggered manually to cQllect a grab sample. During storm events, additional samples were
collected. The number of samples cqllected depended on the intensity and duration of the stOTDl.
The sampling period for thiS project was from September 13, 1995 to September 15,1996. There
were one-hundred thirty samples coll~cted at the Arkansas station and ninety-four samples collected at
Oklahoma station. These samples were tested for Ammonia, Nitrates, Total Kjeldahl Nitrogen, Total
Phosphorus, Total Suspended Solids, and Total Organic Carbon. Table I shows the average concentration
of the each parameter at both the Arkansas and Oklahoma station. A one tailed T-Test at an alpha of 0.05
was perfonned to detennine whether parameter values were significantly larger in Oklahoma then in
Arkansas.
Table I. Average Concentrations, Percent Difference Calculations, and T -Tests
a ..]
NO] -N 2.13 ~30
NH3 -N 0.03 0.05 +50.0 0.038
TKN 0.68 0.72 +5.71 0.268
TP 0.28 0.33 +16.4 0.059
TSS 61.9 95.3 +42.5 0.00013
TOC 3.54 3.64 +2.79 0.422
The t-tests were perfonned by using the software Microsoft Excel. A lower value indicates that
there is significant enough difference between the two values being compared to conclude the values are
different. A significance level of 0.05 was used for the one-tailed test.
I The results indicate that at an a ofO.OS there is not sufficient evidence to conclude the upstream
and downstreant concentrations for NO3-N, TKN, TP, and TOC are different. The results also indicated
that at an a of 0.05 there is sufficient evidence to conclude that the upstream and downstream
concentrations for NH]-N and TSS are different. The percent difference calculations agree with the results
from the t-tests. The percent difference of 16.4% and t-test result of 0.059 for TP give borderline results as
to whether a difference exists in the upstream and downstream TP concentrations.
iii
Tables 2 and 3 show the total yearly flow, total yearly load and total flow weighted average concentration
of all parameters at both the Arkansas and Oklahoma stations.
Table 2. Total Flows, Total Loads, Uld Average Calculated Concentrations for Arkansas
NO3-
NH] -N 8,530 0.031
TKN
2,675,263
2,675,263 201,000 0.74
TP 2,675,263 89,900 0.33
TSS 27,500,000 101
TOC
2,675,263
2,675,263 1,130,000 4.2
~
Table 3. Total Flows, Total Loads, and Average Calculated Concentrations for Oklahoma
3,759,080 2.1
3,759,080 19,100 0.050NH) -N
269,000TKN 0.703,759,080
3,759,080
3,759,080
122,000 0.32TP
36,000,000 94TSS
3,159,080 1,520,000 4.0TOC
iv
A comparison of pollutant concentrations above and below Lake Frances showed some increase in
the average concentrations for all parameters except NO3-N. However, the results obtained from at-test
analysis indicate there is not sufficient evidence at an a; of 0.05 to conclude that the concentrations for
NO3-N, TKN, TP, and TOC upstream and downstream from Lake Frances are different. The t-test results
also indicate that there is sufficient evidence at an a. of 0.05 to conclude that the concentrations for NH)-N
and TSS upstream and downstream from Lake Frances are different. The flow weighted average
concentrations show that the differences in parameter values for NO3-N, TKN, TP, and TOC is only 5% or
less between Arkansas and Oklahoma which supports the concept that there is probably no significant
difference between these values.
Although there was no direct correlation of TP concentrations and TSS concentrations to flow in
general, high peak concentrations appear to be associated with high peak runoff events.
A regression analysis perfonned showed that there was a correlation between TSS concentrations
and TP concentrations.
~C,,] )
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Introduction
The Illinois River drainage headwaters are located in Benton and Washington counties in
Arkansas. The Illinois River has many tributaries serving as receiving streams for non-point source
discharges and several point source discharges. Figure 1 (pg. 2) shows a map of the Illinois River drainage
headwaters. In Oklahoma, the Illinois River is considered a scenic waterway which feeds Tenkiller Lake.
Oklahoma is concerned that nutrient levels from Arkansas are causing eutrophication in Tenkiller Lake.
Phosphorus has been identified as the primary nutrient of concern. Research is ongoing to determine
sources and quantities of pollution into the Illinois River.
The Illinois River flows through Lake Frances which is located on the Arkansas/Oklahoma state
line approximately five miles south of Siloam Springs, AR. Approximately ten years ago the upper half of
Lake Frances' dam failed. What was once part of Lake Frances is now a lake bed containing sediments
deposited over the reservoir's lifetime. Both Arkansas and Oklahoma have expressed concerns as to
whether or not Lake Frances' sediment deposits are a contributing factor to the Illinois River's nutrient
levels.
,~
Figure 1 Illinois River Drainage Headwaters
Objective
The objectives of this study are two fold. The first being to detennine the pollution load in the
Illinois River's main channel at the Arkansas/Oklahoma state line. The second is to determine whether
Lake Frances is contributing to the nutrient loads in the river.
~
Sampling stations were located upstream and downstream from Lake Frances which happens to be
on either side of the Arkansas/Oklahoma state line. The upstream station was located where Arkansas
Highway 59 crosses the Illinois River, and the downstream station was located where U.S. Highway 59
crosses the Illinois River in Oklahoma. The Oklahoma station is frequently referred to as the Watts station
because it is located near the town of Watts, Oklahoma.
A USGS flow gauging station was located at each sampling station. The USGS perfonned flow
monitoring at both stations. Automated samplers were used for sample collection. Once a week, the
,~ sampler was triggered manually to collect a grab sample. During stOml events, additional samples were
collected. The number of samples collected depended on the intensity and duration of the stonn.
The sampling period for this! project was from September 13,1995 to September 15, 1996. There
were one-hundred thirty samples collected at the Arkansas station and ninety-four samples collected at
Oklahoma station. These samples were tested for Ammonia, Nitrates, Total Kjeldahl Nitrogen, Total
Phosphorus, Total Suspended Solids, and Total Organic Carbon.
Samplinl! Procedures
A USGS gauging station was located at each sampling station. Each station was equipped with an
automated sampler which was used to collect the samples. Each week a manual sample was collected
during base flow conditions.
At the Arkansas station, the automated sampler was connected to the USGS gauging station.
Here, the river's stage was used as the triggering mechanism. During storm events, when the stage height
reached a pre detennined height, the trigger would signal the sampler to begin the sampling process. At
this point, the sampler would collect a sample approximately one liter in volume. Sampling would
continue every four hours until the stage dropped back below the pre detennined height. Samples were
retrieved from the sampler within twenty-four hours of the collection of the fIrst sample.
At the Oklah°m.a station, the automated sampler was not connected to the USGS gauging station.
Atmospheric and flow conditions were monitored using weather forecasts and the USGS predicted
hydrograph posted on the Internet. Once a stonn was anticipated, the predicted hydrograph was consulted
~
and a judgment was made whether or not to start the sampling process. The sampling interval and volume
was the same as the Arkansas station, but the sampling process ended when the samples were retrieved
within twenty-four hours. This method proved to be adequate resulting in the downstream samples being
collected approximately one or two hours after the upstream samples.
Once the samples were collected, they were transported to the Arkansas Water Resource Center
water quality laboratory for testing. The samples were analyzed according to EPA QA/QC methods.
4
Results
Once the laboratory analysis was complete, the process of data compilation and data evaluation
began. Using the results from the lab, spreadsheets were set up for each station with data in columns of
dates and times, flows, and sample concentrations. The Arkansas and Oklahoma sample data are shown in
Table I (pp. 6-9) and Table 2 (pp. 10-12), respectively. The first and second columns of this table
describe the date and time that the sample was collected. Columns three through eight are the sample data
received from the water quality lab. There were thirty-six more samples collected in Arkansas than in
Oklahoma. The difference in the number of samples can be attributed to the inaccessibility of the
Oklahoma station during inclement weather, and at the start of the study the Arkansas sampler was
automatically triggered during storm events and the method of sampling at the Oklahoma station had not
been established.
~
;~i~:[)
Several values in the data set for the Arkansas sample data were not reported from the water
quality laboratory. These values were: TP for December 18,1995 at 03:00 hours, TP for December 19,
1995 at 15:00 hours, and NO3 -N for January 18, 1996 at 01:00 hours. Values for these concentrations
were approximated by averaging the sample values preceding and proceeding the missing value. These
approximations are shaded in the sample data table.
Samples collected on May 6, 1996 and May 10,1996 at the Oklahoma station were considered to
be contaminated because it was observed that the sampling tube inlet had dropped into the river bottom
sediment. This observation was confIrmed by the extremely high values for TSS reported during these
dates. Therefore, it was decided to eliminate these samples from any further data evaluation.
Load Calculations
Hourly flows provided by the USGS were used to calculate the pollutant loads. In order to
calculate the loads, it was detemlined that a weighted flow should be used. Only one manual sample was
collected each week (low flows), but during storm events (high flows) many samples were collected.
Therefore, if the storm flow samples were treated in the same manner as base flow samples, that is storm
flows and base flows were treated as having equal time duration, the loads calculated would be greater than
what actually existed. For each sample collected, a total flow volume was determined for each
5
Table 1. Arkansas Sample Data
Arkansas Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
Date NO3-N
(mg/L)
Time
(hrs)
TOG
(mg/L)
13-Sep-95
20-Sep-95
28-Sep-95
03-0ct-95
03-0ct-95
03-0ct-95
04-0ct-95
04-0ct -95
04-0ct-95
04-0ct-95
11-0ct-95
18-0ct-95
25-0ct-95
01-Nov-95
08-Nov-95
16-Nov-95
22-Nov-95
30-Nov-95
06-Dec-95
13-Dec-95
17 -Dec-95
18-Dec-95
18-Dec-95
18-Dec-95
18-Dec-95
18-Dec-95
18-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
20-Dec-95
20-Dec-95
20-Dec-95
11 -Jan-96
12-Jan-96
1 2-Jan-96
12:00
15:00
13:00
14:00
18:00
22:00
02:00
06:00
10:00
12:00
15:00
14:00
12:00
14:00
14:00
15:00
10:00
12:00
14:00
14:00
23:00
03:00
07:00
11 :00
15:00
19:00
23:00
03:00
07:00
11 :00
15:00
19:00
23:00
03:00
07:00
11 :00
12:00
07:00
11 :00
1.90
1.87
2.20
2.18
2.18
2.23
2.11
2.02
2.17
2.20
2.13
2.11
2.10
1.96
2.01
1.83
1.92
1.98
1.93
2.30
2.18
2.21
2.15
2.12
1.89
1.78
1.77
1.78
1.87
2.00
2.10
2.01
1.83
1.86
1.91
1.99
2.56
2.56
2.56
0.02
0.03
0.03
0.03
0.04
0.04
0.03
0.03
0.03
0.04
0.04
0.03
0.03
0.01
0.03
0.02
0.03
0.01
0.06
0.02
0.02
0.01
0.02
0.01
0.02
0.02
0.03
0.41
0.09
0.03
0.01
0.04
0.02
0.02
0.02
0.01
0.03
0.01
0.01
0.40 0.26
0.54 0.22
0.46 0.25
0.57 0.30
0.45 0.28
0.41 0.29
0.46 0.27
0.57 0.27
0.42 0.28
0.42 0.28
0.70 0.26
0.51 0.24
0.51 0.27
0.53 0.27
0.53 0.30
0.55 0.23
0.48 0.23
0.47 0.25
0.62 0.28
0.44 0.23
0.54 0.24
0.68 ...".;g;g~
0.53 0.24
0.63 0.34
0.61 0.30
0.65 0.30
0.80 0.26
0.56 0.23
0.59 0.29
0.70 0.28
"""""""""""0 74 """""""'C"03 ") "
.;i:::::~c;.:cA
0.65 0.36
0.84 0.25
0.77 0.27
0.70 0.28
0.70 0.27
0.44 0.12
0.52 0.13
0.52 0.13
12.37
7.90
4.60
7.00
7.15
9.70
5.60
8.50
6.20
7.90
9.20
3.93
2.75
2.95
2.90
3.15
2.40
2.32
4.85
3.35
11.60
29.67
20.73
25.40
37.73
28.40
23.13
22.27
19.87
64.13
63.30
46.95
33.33
29.80
23.53
19.13
3.20
3.45
3.00
4.52
6.58
3.01
0.75
0.45
0.53
1.39
0.73
2.15
1.87
3.45
2.21
1.48
1.57
2.13
1.45
1.92
2.24
1.07
1.25
1.60
0.68
1.44
2.63
3.12
3.16
2.79
2.91
2.91
2.90
2.82
3.64
3.83
3.77
3.82
3.64
1.92
0.46
1.10
~
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Table 1. Arkansas Sample Data
Arkansas Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
Date Time
(hrs)
NO3-N
(mg/L)
TOG
(mg/L)
12-Jan-96
12-Jan-96
12-Jan-96
13-Jan-96
15-Jan-96
18-Jan-96
19-Jan-96
19-Jan-96
22-Jan-96
22-Jan-96
22-Jan-96
23-Jan-96
23-Jan-96
23-Jan-96
23-Jan-96
24-Jan-96
25-Jan-96
29-Jan-96
06-Feb-96
14-Feb-96
20-Feb-96
01-Mar-96
06-Mar-96
15-Mar-96
20-Mar-96
27-Mar-96
29-Mar-96
29-Mar-96
29-Mar-96
29-Mar-96
29-Mar-96
29-Mar-96
30-Mar-96
30-Mar-96
31-Mar-96
05-Apr-96
12-Apr-96
13-Apr-96
13-Apr-96
15:00 2.50
19:00 2.45
23:00 2.46
03:00 2.46
15:00 2.45
01 :00 cc...:?;§§c
01:00 3.27
05:00 3.39
15:00 3.56
19:00 3.56
23:00 3.57
03:00 3.55
07:00 3.51
19:00 3.56
23:00 3.31
15:00 3.26
15:00 3.06
15:00 3.24
15:00 3.33
15:00 2.73
14:00 2.62
10:00 2.50
15:00 2.57
15:00 2.38
15:00 2.42
13:00 2.14
02:00 2.23
06:00 2.13
10:00 2.03
14:00 1 .88
18:00 1.79
22:00 1.87
02:00 1 .90
06:00 1 .89
14:00 1.88
08:00 1.74
08:00 1 .57
05:00 1 .65
09:00 1.63
0.02
0.01
0.01
0.01
0.01
0.10
0.02
0.04
0.06
0.01
0.01
0.04
0.01
0.04
0.06
0.07
0.06
0.01
0.01
0.01
0.04
0.02
0.01
0.03
0.03
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.06
0.01
0.02
0.01
0.01
0.59
0.44
0.47
0.58
0.52
1.28
0.92
0.72
0.58
0.39
0.42
0.49
0.50
0.34
0.48
0.50
0.47
0.26
0.48
0.29
0.36
0.32
0.35
0.48
0.05
0.26
0.45
0.47
0.49
0.50
0.61
0.63
0.57
0.56
0.32
0.45
0.54
0.30
0.49
0.13
0.16
0.14
0.15
0.14
0.56
0.16
0.15
0.12
0.13
0.12
0.13
0.12
0.11
0.13
0.12
0.05
0.05
0.17
0.05
0.13
0.05
0.19
0.28
0.29
0.40
0.31
0.09
0.09
0.08
0.27
0.08
0.07
0.07
0.15
0.15
0.19
0.19
0.20
2.45
2.55
2.85
3.40
3.35
102.13
31.30
20.30
11.80
9.00
20.20
9.93
10.00
10.50
10.50
9.85
9.90
7.40
2.27
8.20
16.73
6.65
6.35
3.90
18.30
12.70
24.50
23.30
17.10
17.80
17.00
16.10
13.70
13.00
13.60
278.00
26.60
50.10
62.30
0.78
1.18
0.96
0.99
0.95
4.97
1.53
1.47
1.07
1.09
1.24
1.15
1.04
0.81
1.12
1.65
1.99
0.53
0.56
1.29
1.55
1.23
1.73
1.61
1.87
0.54
1.67
1.87
2.35
2.78
2.43
2.75
2.67
2.86
3.26
3.09
1.70
1.95
1.59
~
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Table 1. Arkansas Sample Data
Arkansas Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
Date Time
(hrs)
NO3-N
(mg/L)
TOG
(mg/L)
13-Apr-96
14-Apr-96
14-Apr-96
15-Apr-96
15-Apr-96
19-Apr-96
22-Apr-96
22-Apr-96
22-Apr-96
22-Apr-96
23-Apr-96
23-Apr-96
23-Apr-96
24-Apr-96
25-Apr-96
25-Apr-96
26-Apr-96
27-Apr-96
27-Apr-96
28-Apr-96
03-May-96
06-May-96
06-May-96
06-May-96
07-May-96
07 -May-96
10-May-96
1 0-May-96
11-May-96
12-May-96
14-May-96
24-May-96
31-May-96
01-Jun-96
02-Jun-96
02-Jun-96
02-Jun-96
06-Jun-96
14-Jun-96
17:00
01:00
09:00
01:00
05:00
08:00
04:00
08:00
12:00
18:00
02:00
10:00
20:00
06:00
09:00
21:00
09:00
10:00
22:00
10:00
10:00
15:00
17:00
21:00
01:00
05:00
18:00
22:00
10:00
10:00
18:00
17:00
08:00
20:00
00:00
04:00
08:00
17:00
09:00
2.0'
1.7:
1.7:
1.81
1.71
1.4!
1.8(
1.6!
1.3E
1.6(
1.5~
1.4i
2.0~
2.3::
2.4C
2.4L
2.84
2.95
2.65
2.72
2.01
2.00
2.09
2.07
2.19
2.05
1.72
1.37
1.34
2.01
2.64
2.52
1.67
1.91
2.40
2.52
2.46
1.62
1.89
73
2
0.50
0.15
0.06
0.01
0.01
0.01
0.01
0.04
0.01
0.16
0.07
0.05
0.02
0.03
0.03
0.04
0.03
0.04
0.02
0.02
0.02
0.04
0.03
0.05
0.04
0.06
0.04
0.22
0.08
0.02
0.01
0.01
0.01
0.003
0.014
0.025
0.003
0.014
0.019
2.26
1.27
0.91
0.66
0.53
0.73
2.28
2.55
2.58
3.65
1.85
1.99
1.03
0.70
0.75
0.58
0.43
0.32
0.38
0.36
0.45
0.68
0.48
0.43
0.55
0.85
0.76
3.88
2.88
0.53
0.27
0.41
1.00
0.71
0.43
0.34
0.35
0.69
0.83
0.73 169.70
0.37 64.20
0.24 34.40
0.18 8.60
0.15 22.80
0.22 32.80
0.83 257.60
0.87 338.00
0.77 544.20
1 .49 778.70
0.86 563.10
0.87 371.40
0.35 131 .90
0.27 83.80
0.16 49.20
0.18 40.60
0.18 27.20
0.17 27.10
0.14 16.20
0.15 11.60
0.21 28.60
0.15 29.50
0.17 30.70
0.15 41.80
0.29 56.10
0.40 66.80
0.36 171.40
1.88 1051.80
1.46 771.60
0.28 51.70
0.17 21 .20
0.23 62.00
0.27 54.90
0.09 65.20
0.34 37.80
0.31 30.70
0.28 24.80
0.28 36.10
0.27 51.80
5.79
4.72
3.87
3.02
1.97
7.50
9.02
12.47
5.47
12.91
11.15
11.71
8.68
5.47
6.80
7.35
5.87
4.93
5.10
4.74
6.07
6.11
4.54
4.98
6.80
8.44
4.24
9.51
9.17
5.00
2.82
3.99
14.81
4.92
3.87
3.62
3.24
7.52
12.76
)
)
5
5
))
r)
)
~
~
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Table 1 Arkansas Sample Data
Arkansas Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
Date Time
(hrs)
NO3-N
(mg/L)
TOC
(mg/L)
18-Jun-96
25-Jun-96
03-Jul-96
12-Jul-96
15-Jul-96
24-Jul-96
01-Aug-96
05-Aug-96
15-Aug-96
23-Aug-96
30-Aug-96
07-Sep-96
15-Sep-96
11 :00
10:00
13:00
11 :00
15:00
16:00
14:00
11 :00
14:00
13:00
19:00
11 :00
15:00
1.89
1.79
0.88
1.58
1.80
1.13
1.34
1.24
0.98
1.06
1.19
1.11
1.17
0.004
0.004
0.003
0.003
0.003
0.006
0.003
0.040
0.045
0.007
0.003
0.017
0.009
1.03
0.24
0.92
0.16
0.22
0.18
0.30
0.30
0.13
0.19
0.26
0.24
0.26
0.31
0.27
0.41
0.29
0.29
0.31
0.11
0.29
0.28
0.28
0.24
0.28
0.30
47.00
10.40
83.20
2.90
19.80
8.80
7.20
13.10
6.70
6.10
6.50
3.60
24.40
15.63
3.64
6.25
2.99
3.29
1.29
1.44
1.10
1.87
1.67
0.72
0.05
3.52
Average 2.13 0.03 0.68 0.28 61.89 3.54
~
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Table 2. Okiahoma Sam pie Data
Oklahoma Concentrations
NH3-t..J TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
NO3-N
(mg/L)
TOC
(mg/L)Date Time
13-Sep-95
28-Sep-95
04-0ct-95
11-0ct-95
18-0ct-95
25-0ct-95
01-Nov-95
08-Nov-95
16-Nov-95
22-Nov-95
30-Nov-95
06-Dec-95
13-Dec-95
18-Dec-95
18-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
20-Dec-95
20-Dec-95
20-Dec-95
20-Dec-95
15-Jan-96
29-Jan-96
06-Feb-96
14-Feb-96
20-Feb-96
01-Mar-96
06-Mar-96
15-Mar-96
20-Mar-96
27-Mar-96
29-Mar-96
29-Mar-96
30-Mar-96
31-Mar-96
12:00
13:00
13:00
16:00
14:00
13:00
15:00
15:00
16:00
10:00
13:00
15:00
15:00
17:00
21:00
01:00
05:00
09:00
13:00
17:00
21:00
01:00
05:00
09:00
13:00
15:00
16:00
16:00
16:00
15:00
10:00
16:00
16:00
16:00
14:00
16:00
20:00
19:00
03:00
1.7:
2.0~
2.0:
2.0(
1.9'
1.9(
1.8(
1.8~
1.7~
1.7~
1.8C
2.06
2.16
2.01
2.07
1.97
1.87
1.81
1.83
1.89
2.07
2.10
1.97
2.03
2.01
2.40
3.24
3.22
2.67
2.73
2.30
2.32
2.12
2.42
2.04
2.09
1.94
1.95
1.88
35
2
):I-
5
5))}
0.08
0.04
0.04
0.05
0.03
0.04
0.01
0.04
0.02
0.04
0.30
0.03
0.04
0.02
0.01
0.02
0.01
0.02
0.02
0.01
0.02
0.02
0.02
0.03
0.02
0.03
0.01
0.02
0.02
0.01
0.04
0.03
0.06
0.04
0.56
0.01
0.01
0.02
0.05
0.48
0.48
0.50
0.43
0.52
0.51
0.45
0.49
0.40
0.40
0.48
0.62
0.43
0.61
0.59
0.59
0.81
0.69
0.72
0.92
0.92
0.88
0.85
0.79
0.79
0.43
0.29
0.30
0.32
0.22
0.38
0.38
0.88
0.36
0.29
0.73
0.65
1.88
0.62
0.29 19.47
0.26 13.40
0.31 20.16
0.24 11.70
0.24 11.55
0.26 11.50
0.25 8.60
0.30 12.40
0.24 6.47
0.25 8.85
0.18 3.25
0.26 0.20
0.23 3.28
0.30 77.13
0.23 41.53
0.25 44.80
0.30 45.27
0.35 66.40
0.30 72.87
0.23 169.20
0.30 162.80
0.35 107.80
0.33 83.47
0.26 66.10
0.25 50.50
0.13 7.85
0.05 7.40
0.20 1.73
0.12 7.70
0.12 16.40
0.15 7.10
0.09 24.24
0.25 17.30
0.28 18.50
0.25 12.40
0.31 149.90
0.24 77.20
0.74 730.60
0.43 154.20
3.74
1.36
25.89
1.71
0.55
0.78
0.05
0.96
1.28
1.86
1.59
2.32
0.05
1.64
1.93
2.15
2.26
2.81
3.31
3.26
3.07
3.28
3.74
3.64
3.53
0.78
0.53
0.48
0.72
1.82
0.57
0.90
1.52
2.06
0.47
2.63
2.96
3.26
3.31
~
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Table 2. Oklahoma Sample Data
Oklahoma Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
NO3-N
(mg/L)
TOG
(mg/LJDate Time
31-Mar-96
31-Mar-96
05-Apr-96
12-Apr-96
13-Apr-96
13-Apr-96
14-Apr-96
14-Apr-96
14-Apr-96
15-Apr-96
15-Apr-96
19-Apr-96
22-Apr-96
22-Apr -96
23-Apr-96
23-Apr-96
23-Apr-96
24-Apr-96
24-Apr-96
25-Apr-96
26-Apr-96
27-Apr-96
27-Apr-96
28-Apr-96
03-May-96
06-May-96
12-May-96
14-May-96
24-May-96
31-May-96
01-Jun-96
02-Jun-96
02-Jun-96
02-Jun-96
06-Jun-96
14-Jun-96
18-Jun-96
25-Jun-96
03-Jul-96
11 :00
19:00
09:00
09:00
13:00
17:00
01:00
09:00
17:00
14:00
18:00
09:00
12:00
19:00
02:00
12:00
20:00
03:00
21:00
09:00
10:00
11 :00
22:00
10:00
10:00
16:00
11 :00
19:00
18:00
09:00
21:00
01:00
05:00
09:00
17:00
09:00
10:00
09:00
13:00
1.96
2.00
1.91
1.59
1.84
2.04
2.00
1.85
1.85
1.91
1.88
1.78
1.43
1.60
1.55
1.58
1.79
2.19
2.55
2.65
2.82
2.96
2.94
2.92
2.50
2.30
2.02
2.61
2.48
2.09
2.33
2.28
2.38
2.50
2.11
1.95
1.91
1.49
1.32
0.05
0.04
0.01
0.02
0.03
0.39
0.19
0.10
0.07
0.05
0.02
0.03
0.19
0.13
0.12
0.05
0.03
0.02
0.06
0.03
0.06
0.06
0.04
0.06
0.03
0.05
0.04
0.03
0.01
0.05
0.016
0.012
0.018
0.023
0.030
0.037
0.030
0.053
0.003
0.76
0.69
1.25
0.30
0.87
1.94
1.24
0.95
0.91
0.91
0.66
0.52
3.25
3.25
2.46
1.91
1.30
0.83
0.59
0.44
0.38
0.32
0.43
0.39
0.27
0.38
0.64
0.40
0.49
0.74
0.79
1.59
0.93
1.00
1.44
0.37
0.43
0.38
0.32
0.25
0.26
0.50
0.16
0.35
0.57
0.50
0.28
0.26
0.43
0.25
0.22
1.26
1.71
0.94
0.78
0.58
0.38
0.21
0.21
0.20
0.18
0.20
0.20
0.22
0.22
0.29
0.17
0.26
0.18
0.52
0.85
0.61
0.71
0.61
0.26
0.25
0.28
0.26
158.20
130.90
227.40
28.40
122.20
150.70
69.50
56.80
44.70
143.90
68.50
48.60
584.80
713.90
440.00
316.60
150.60
92.30
56.00
54.00
52.30
35.40
50.00
51.30
34.50
68.70
75.30
53.10
92.80
162.30
209.30
220.10
356.10
289.40
325.70
52.15
22.50
22..80
15.70
3.15
3.14
1.16
3.00
5.53
5.53
4.95
4.17
3.94
2.85
2.29
5.24
13.05
12.31
10.68
11.14
8.68
6.90
6.90
6.54
5.56
4.86
4.83
4.61
2.19
3.70
5.66
3.50
4.09
3.48
3.49
3.85
3.43
3.59
3.85
6.37
5.27
3.86
4.75
11
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Table 2. Oklahoma Sample Data
Oklahoma Concentrations
NH3-N TKN TP TSS
(mg/L) (mg/L) (mg/L) (mg/L)
NO3-N
(mg/L)
TOC
(mg/L)Date Time
12-Jul-96
15-Jul-96
24-Jul-96
01-Aug-96
05-Aug-96
15-Aug-96
23-Aug-96
30-Aug-9;6
07-Sep-96
15-Sep-96
10:00
14:00
15:00
15:00
10:00
15:00
13:00
18:00
11 :00
14:00
1.34
1.52
0.94
1.14
1.01
0.70
0.99
1.17
0.81
0.83
0.009
0.003
0.076
0.031
0.038
0.070
0.016
0.003
0.003
0.042
0.23
0.22
0.35
0.40
0.38
0.40
0.41
0.33
0.33
0.45
0.26
0.30
0.29
0.31
0.29
0.26
0.26
0.21
0.26
0.30
15.60
29.90
20.70
18.80
17.80
8.80
25.70
10.20
12.10
25.80
2.99
3.08
1.52
1.63
2.48
1.80
1.69
0.70
0.37
3.07
Average
~
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sample period by summing the flows during half the period preceding the sample collection time and half
the period proceeding the sample comection time. The total flow obtained was then divided by the total
duration for that sample period to obtain the average flow for the sample collected during that period. The
load was calculated by multiplying the average flow, the time period, and the sample concentration. These
values were summed to obtain the total load for the entire year. The total loads calculated for Arkansas
and Oklahoma are shown in Table 3 (pp. 14-17) and Table 4 (pp. 18-20), respectively. The fIrst and
second columns represent he date and time that the samples were collected. Column three is the average
flow which occurred during half the period preceding the sample and half the period proceeding the
sample. Column four represents the number of hours that the average flow occurred. Columns five
through ten contain the loads calculated using the data from Tables I & 2, the average flow (Column 3),
and the duration of that average flow (Column 4). The average flow for the total time period was
calculated, also.
Effects of Lake Frances
To determine the effects of Lake Frances, the concentrations at the Oklahoma station were
compared with the concentrations at the Arkansas station. Loads were not used because of the differences
in flows between the two stations To make this comparison the student t-test was used and a percent
difference was calculated, also. The rtsults from the t-test describe the probability of observing a
difference by chance alone even ifno difference exists. The percent difference was calculated to provide a
simple arithmetic relationship between the two stations. The results obtained from the t-tests and percent
differences are shown in Table 5 (pg. 21). The fIrst column lists the nutrients. The second and third
columns are the average nutrient concentrations for Arkansas and Oklahoma, respectively. The fourth
column shows the values calculated for the percent differences. The fifth column contains the results from
the one-tailed t-test.
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Table 3. Arkansas Loads
Arkansas Loading
TKN TP
(kg) (kg)
Date NO3-N
(kg)
NH3-N
(kg)
Time
(hrs)
TSS
(kg)
TOG
(kg)
13-Sep-95
20-Sep-95
28-Sep-95
03-0ct-95
03-0ct-95
03-0ct-95
04-0ct-95
04-0ct-95
04-0ct-95
04-0ct-95
I 11-0ct-95
18-0ct-95
25-0ct-95
01-Nov-95
08-Nov-95
16-Nov-95
22-Nov-95
c8\ I 30-Nov-95
:j:;! 06-Dec-95
13-Dec-95
17 -Dec-95
18-Dec-95
18-Dec-95
.18-Dec-95
18-Dec-95
18-Dec-95
18-Dec-95
19-Dec-95
19-Dec-95
,19-Dec-95
19-Dec-95
19-Dec-95
19-Dec-95
20-Dec-95
20-Dec-95
20-Dec-95
11-Jan-96
! 1 2-Jan-96
12-Jan-96
12:00
15:00
13:00
14:00
18:00
22:00
02:00
06:00
10:00
12:00
15:00
14:00
12:00
14:00
14:00
15:00
10:00
12:00
14:00
14:00
23:00
03:00
07:00
11 :00
15:00
19:00
23:00
03:00
07:00
11 :00
15:00
19:00
23:00
03:00
07:00
11 :00
12:00
07:00
11 :00
172.31
226.41
176.02
233.63
346.13
318.14
293.42
273.90
263.79
205.30
163.29
150.58
159.36
159.12
180.74
169.43
157.02
150.14
148.21
149.82
172.11
625.20
561 .93
490.52
448.37
434.09
443.87
471.09
564.91
921.04
994.01
875.42
764.88
677.55
612.65
297.74
246.01
301.83
367.06
167
180
156
62
4
4
4
4
3
87
169
166
168
169
181
166
166
170
157
137
54
4
4
4
4
4
4
4
4
4
4
4
4
4
4
267
274
11
4
6006
6732
2447
208
308
289
252
169
5076
7780
5885
5440
5764
5753
6147
5246
5224
4757
3994
1897
153
563
493
424
345
315
320
342
431
751
851
717
571
514
477
16124
17588
866
383
63
108
33
3
6
5
4
3
70
141
111
77
82
29
92
57
82
24
124
16
1
3
5
2
4
4
5
79
21
11
4
14
6
6
5
81
206
3
1
1264
1944
512
54
64
53
55
48
982
1485
1934
1315
1400
1556
1621
1577
1306
1129
1283
363
38
173
121
126
112
115
145
108
136
263
300
232
262
213
175
5672
3023
176
78
822
792
278
29
40
38
32
23
655
990
718
619
741
793
917
659
626
601
579
190
17
61
55
68
55
53
47
44
67
105
130
128
78
75
70
2188
824
44
19
39104
28439
5117
667
1009
1258
670
712
14502
27937
25417
10133
7549
8660
8868
9030
6530
5574
10037
2762
814
7563
4749
5079
6897
5026
4186
4277
4576
24081
25652
16756
10393
8232
5877
155001
21985
1167
449
14289
23687
3348
71
64
69
166
61
5029
6613
9531
5698
4063
4609
6513
4157
5224
5382
2214
1031
112
173
330
526
570
559
505
559
670
1089
1143
1299
1194
1041
954
29493
13191
156
165
14
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ITable 3. Arkansas Loads
Arkansas Loading
TKN TP
(kg) (kg)
Date Time
(hrs)
Avg Flow Occurs
(cfs) (hrs)
NO3-N
(kg)
NH3-N
(kg)
TSS
(kg)
TOG
(kg)
13-Apr-96
14-Apr-96
14-Apr-96
15-Apr-96
15-Apr-96
19-Apr-96
22-Apr-96
22-Apr-96
22-Apr-96
22-Apr-96
23-Apr-96
23-Apr-96
23-Apr-96
24-Apr-96
25-Apr-96
25-Apr-96
26-Apr-96
27-Apr-96
27-Apr-96
28-Apr-96
3-May-96
06-May-96
6-May-96
6-May-96
7 -May-96
7-May-96
O-May-96
O-May-96
1-May-96
2-May-96
4-May-96
4-May-96
1-May-96
1-Jun-96
2-Jun-96
2-Jun-96
2-Jun-96
6-Jun-96
14-Jun-96
17:00
01:00
09:00
01:00
05:00
08:00
04:00
08:00
12:00
18:00
02:00
10:00
20:00
06:00
09:00
21:00
09:00
10:00
22:00
10:00
10:00
15:00
17:00
21:00
01:00
05:00
18:00
22:00
10:00
10:00
18:00
17:00
08:00
20:00
00:00
04:00
08:00
17:00
09:00
1026.01
763.82
627.67
543.73
431.14
324.53
344.92
1 091 .17
3051.34
5926.71
4831.53
5932.11
3983.93
2170.20
1634.65
1249.47
892.91
706.10
635.02
589.44
430.21
356.59
716.91
997.91
844.27
540.85
489.58
3772.88
5784.89
1553.58
622.26
297.23
253.97
446.14
703.71
678.57
433.84
287.46
197.62
8
8
12
10
52
83
38
4
5
7
8
8
10
14
13
18
25
18
12
66
99
39
3
4
4
45
44
8
18
40
148
199
97
20
4
4
55
144
141
1732
1077
1320
1003
3907
3981
2405
734
2115
6766
6106
7110
8202
7215
5198
5593
6462
3821
2058
10785
8725
2835
458
842
754
5085
3776
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Table 5. Average Concentrations, Percent Difference Calculations, and T -Tests
NO] -N 2.13 1.98 -7.30 0.055
NH3 -N 0.03 0.05 +50.0 0.038
TKN 0.68 0.72 +5.71 0.268
TP 0.28 0.33 +16.4 0.059
TSS 61.9 95.3 +42.5 0.00013
TOC 3.54 3.64 +2.79 0.422
The t-tests were perfonned by using the software Microsoft Excel. A lower value indicates that
there is significant enough difference between the two values being compared to conclude the values are
~
""ft,cc.c,
different. A significance level of 0.06 was used for the one-tailed test.
The results indicate that at ~ a of 0.05 there is not sufficient evidence to conclude the upstream
and downstream concentrations for!'fO3-N, TKN, TP, and TOC are different. The results also indicated
that at an a of 0.05 there is sufficient evidence to conclude that the upstream and downstream
concentrations for NH3-N and TSS are different. The percent difference calculations agree with the results
from the t-tests. The percent difference of 16.4% and t-test result of 0.059 for TP give borderline results as
to whether a difference exists in the upstream and downstream TP concentrations.
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Discussion
The concentration and loadloftotal phosphorus in the Illinois River is the primary focus of this
discussion. Looking at the sample data tables, there appears to be a sharp increase in the TP concentrations
in April and May for Arkansas. Increases in the TP concentrations for Oklahoma occurred in April, May,
and early June. Figure 2 (pg. 23) illustrates the increases in TP concentrations during these months for
Arkansas and Oklahoma.
Historical data suggests that. the average flow for the period in which this study was conducted
was very low. The average annual fIbw at the Oklahoma station for 1992 through 1995 ranged from a low
of 680 cfs to a high of 1100 cfs. During this study, the average flow for Arkansas was 300 cfs and the
average flow for Oklahoma was 421 ~fs. The Oklahoma flow was 121 cfs or 40.3% larger than the
Arkansas flow. This can be attributed, in part, to the additional tributaries to Lake Frances located between
the flow monitoring stations. The faot that only one year of data was available to establish an accurate
rating curve for the Arkansas station may also contribute to the flow differences. Other than the Illinois
River, Ballard Creek is the major tributary feeding Lake Frances. In order to fully comprehend what is
occurring, the effects of Ballard Creek should be investigated. A summary of the values obtained for the
total flow, the total load, and the average flow weighted concentrations for Arkansas are shown in Table 6
(pg. 24). A summary of the values obtained for the total flow, the total load, and the average flow
weighted concentrations for Oklahoma are shown in Table 7 (pg. 24).
Although the flow for the year was well below average, the effects of the flow or increase in flow
on the sample concentrations were evident. For instance, when a flow increase occurred, especially a large
increase, the TP concentrations increaSed ramatically. These effects are shown on pages A-I through A-
13 for Arkansas and on pages A-14 through A-26 for Oklahoma in Appendix A. In these figures, the
continuous line represents the flow, and the x's represent he TP concentrations. The larger TP
concentrations were associated with l'iJ,rge runoff events. Large runoff events were considered to be events
whose peak flow was greater than 1000 cfs.
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Conclusions
The pollutant loads calculated in the I11inois River at Arkansas Hwy 59 and Oklahoma Hwy 59 are shown
in Table 8.
Table 8. Average Flows and Pollutant Loads Calculated at Arkansas Hwy 59 and US Hwy 59 in
Oklahoma
A comparison of pollutant concentrations above and below Lake Frances showed some increase in
, the average concentrations for all parameters except NOJ-N. However, the results obtained from at-test
"~
analysis indicate there is not sufficient evidence at an a of 0.05 to conclude that the concentrations for
NO3-N, TKN, TP, and TOC upstream and downstream from Lake Frances are different. The t-test results
also indicate that there is sufficient evidence at an a of 0.05 to conclude that the concentrations for NH3-N
and TSS upstream and downstream fr<llm Lake Frances are different. A comparison of the flow weighted
average concentrations show that the differences in parameter values for NO3-N, TKN, TP, and TOC is
only 5% or less between Arkansas and Oklahoma which supports the concept that there is probably no
significant difference between these values.
Although there was no directlcorrelation ofTP concentrations and TSS concentrations to flow, in
general, high peak concentrations appear to be associated with high peak runoff events.
A regression analysis performed showed that there was a correlation between TSS concentrations
ans TP concentrations.
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Lake Frances on the lllinois River
Appendix A
~
TP Concentrations & Flow vs Time
for Arkansas and Oklahoma
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Pollution Load and Effects of Arkansas and
Lake Frances on the lllinois River
TSS Concentration & Flow vs Time
for Arkansas and Oklahoma
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